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Encrypting keypad module 







(57) An encrypting keypad module (10) comprising 
a keypad (12) and an encryption unit (14) is described. 
The module (1 0) includes a reader (1 6) (such as a Smart 
card reader) for receiving a removable secure device 
(50) (such as a Smart card). The keypad module (1 0) is 
operable to communicate with the Smart card (50) and 



to receive secure data therefrom. This secure data may 
relate to a new PIN key, a new encryption algorithm for 
use with a PIN key or such like. An encrypting keypad 
system, and a method of changing secure information 
stored in an encrypting keypad module, are also de- 
scribed. 
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Description 

[0001] The present invention relates to an encrypting 
keypad module. In particular, the present invention re- 
lates to an encrypting PIN pad (EPP) module for use 
with a self-service terminal (SST) such as an automated 
teller machine (ATM). 

[0002] ATMs require high electronic security because 
sensitive information, such as a user's personal identi- 
fication number (PIN), is entered by a user at the ATM. 
The entered information is conveyed within the ATM and 
also outside the ATM to an authorisation centre that au- 
thorises a requested transaction. 
[0003] To ensure that the user's PIN is not divulged 
by the ATM after it has been entered by the user, a 
tamper-resistant integral unit is provided having a key- 
pad and an encryption unit. The integral unit is referred 
to as an encrypting PIN pad (EPP) module. 
[0004] Once a user has entered his/her PIN, the EPP 
encrypts the entered digits to ensure that the digits are 
ncrypted prior to leaving the EPP. This ensures that a 
user's PIN is never conveyed (either within or outside 
th ATM) as plaintext. 

[0005] The EPP includes an encryption unit having a 
random number generator, a cryptographic processor, 
a non-volatile memory for storing a unique master en- 
cryption key and an encryption algorithm, and a volatile 
memory for storing customer-specific encryption keys, 
such as a key exchange key and a PIN key 
[0006] Typically, when an EPP is manufactured the 
unique master key is generated by the cryptographic 
processor within the EPP and stored in the non-volatile 
memory (which may be EEPROM or battery-backed 
RAM). The encryption algorithm used, for example the 
data encryption standard (DES), is also loaded into the 
non-volatile memory during manufacture of the EPP. 
[0007] The owner of an ATM loads a key exchange 
key in plaintext into the EPP in a secure environment. 
This key exchange key is used to encrypt further keys 
that are to be loaded into the EPP. For example, if the 
owner of an ATM updates a PIN key periodically, then 
the ATM owner uses the key exchange key to encrypt 
the new PIN key to be loaded and transmits this encrypt- 
ed new PIN key to the EPP. The EPP receives the en- 
crypted new PIN key, decrypts this key using the key 
exchange key to produce the plaintext new PIN key, en- 
crypts the plaintext new PIN key using the master key, 
and stores the encrypted new PIN key in the memory. 
[0008] If the EPP is tampered with, for example by a 
third party attempting to gain access to it, then the EPP 
deletes the master key stored in the non-volatile mem- 
ory, and any other keys stored in the volatile memory. 
[0009] When a user enters his/her PIN at an ATM, the 
EPP uses its PIN key and the stored encryption algo- 
rithm (such as DES) to encrypt the entered digits. The 
encrypted digits are then transmitted from the EPP to 
an ATM controller, which transmits the encrypted PIN 
(together with the requested transaction) to an authori- 



sation centre. The authorisation centre decrypts the en- 
crypted PIN to verify the claimed identity of the user, and 
authorises a requested transaction if sufficient funds are 
present. 

[0010] For ATMs connected to a financial institution's 
network, the encryption algorithm and/or the PIN key 
can be easily transmitted to each ATM over the network. 
However, where ATMs having a dial-up connection are 
used, for example ATMs located in convenience stores, 
it is much more difficult to load new algorithms or keys 
securely. Typically, a trusted person manually loads the 
algorithm and/or key into the EPP on a dial-up ATM. This 
is much less secure, and increases the possibility of the 
algorithm and/or key being compromised. 
[0011] Another problem associated with EPPs is that 
each EPP is operational on manufacture. It is common 
for an EPP to be retained for use as a spare part, in the 
event of an EPP in an ATM malfunctioning. These spare 
EPPs may have a key exchange key, and possibly a PIN 
key, loaded into their memory so that they are ready for 
use. If such a spare EPP was stolen, then a fraudulent 
person may connect the EPP to apparatus that emu- 
lates an ATM. This may enable the fraudulent person to 
discover the key exchange key and any other key stored 
in the EPP. 

[0012] It is among the objects of an embodiment of 
the present invention to obviate or mitigate one or more 
of the above disadvantages or other disadvantages as- 
sociated with encrypting keypad modules. 
[0013] According to a first aspect of the present inven- 
tion there is provided an encrypting keypad module 
comprising a keypad and an encryption unit, character- 
ised in that the keypad module includes a reader for re- 
ceiving a removable secure device, where the keypad 
module is operable to communicate with the device and 
to receive secure data therefrom. 
[0014] The secure device is operable to store secure 
data in a tamper-resistant area. One suitable secure de- 
vice is a Smart card. 

[0015] By virtue of the present invention, a new PIN 
key and/or a new algorithm may be loaded into the se- 
cure device. The secure device may then be transported 
to an SST having a keypad module to be updated. The 
secure device may then be entered into the reader and 
the new PIN key and/or algorithm transmitted to the key- 
pad module. Any other key may also be loaded in this 
manner. 

[0016] One advantage of using a Smart card is that a 
Smart card provides a secure storage area. Smart cards 
also require the user to know the location at which a file 
is stored; this increases security as a fraudulent third 
party cannot determine the location at which afile (which 
may contain a new PIN key, a new algorithm, or such 
lik ) may b stored on the Smart card. 
[0017] The keypad modul may include a disable 
switch that is set during manufacture so that the keypad 
module is inoperative until a code is received via th 
reader to instruct the keypad module to activate. This 
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has the advantag that a keypad module may be re- 
tained for use as a spare part. As the keypad module is 
disabled until it is activated, the spare keypad module 
does not present a security risk if it is stolen: it will not 
assist a fraudulent person in obtaining the master key. 
[0018] The disable switch may be implemented in 
software, firmware, or hardware. 
[0019] Preferably, the keypad module is operable to 
issue a challenge to any device coupled to the reader, 
so that if a device fails the challenge then no further com- 
munication takes place with that device. The device may 
be inserted into or otherwise coupled to (for example, 
using non-contact coupling) the reader. 
[0020] The keypad module may include a delete 
mechanism for deleting any information in the keypad 
module in the event of receipt of an incorrect response 
to an issued challenge. 

[0021 ] The keypad module and the device may imple- 
ment a peer-to-peer authentication protocol to satisfy 

ach that the other is authentic. 
[0022] Preferably, the device stores a file having a 
signed certificate so that the keypad module can read 
this file and assess whether it trusts the signatory. The 
keypad module may also store in its non-volatile mem- 
ory a file having a signed certificate, so that the device 
can read this file and assess whether it trusts the signa- 
tory. The file may store a new algorithm, for example, 
triple DES, or a new key. 

[0023] In one embodiment, the keypad module only 
operates when a secure device is present in the reader. 
Preferably, the secure device deactivates itself when re- 
moved from the reader. This has the advantage that the 
two main elements of the system, the keypad module 
and the secure device, only operate when mutually cou- 
pled. Thus s each of these two elements (the keypad 
module and the secure device) may be transported in- 
dependently without requiring high security. 
[0024] This keypad module is particularly suitable for 
low-cost dial-up ATMs (sometimes referred to as entry 
level ATMs). The keypad module may be an encrypting 
PIN pad module (EPP). 

[0025] According to a second aspect of the present 
invention there is provided an encrypting keypad system 
comprising an encrypting keypad module, character- 
ised in that the encrypting keypad module includes a 
reader, and the system further comprises a removable 
secure device coupled to the reader, where the keypad 
module is operable to communicate with the device and 
to receive secure data therefrom. 
[0026] In one embodiment, the keypad module may 
only operate when a secure device is present in the 
reader. 

[0027] According to a third aspect of the present in- 
vention there is provided a method of changing s cure 
information stored in an encrypting keypad module, the 
method comprising the steps of: storing secure informa- 
tion on a secure device in a secure location; transporting 
the secure device to an encrypting keypad module; cou- 



pling the secure device to the encrypting keypad module 
to allow the secure device to transmit secure information 
to the keypad; and removing the secure device from the 
module. 

5 [0028] These and other aspects of the present inven- 
tion will be apparent from the following specific descrip- 
tion, given by way of example, with reference to the ac- 
companying drawings, in which: 
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Fig 1 is a schematic diagram of an encrypting key- 
pad module according to one embodiment of the 
present invention; 

Fig 2 is a block diagram of a secure device for use 
with the keypad module of Fig 1 ; 

Fig 3 is a flowchart showing the steps involved in 
upgrading a keypad module with secure informa- 
tion; 

Fig 4 is a schematic diagram of a system comprising 
the device of Fig 2 inserted into the keypad module 
of Fig 1 ; and 

Fig 5 is a schematic diagram of system according 
to another embodiment of the present invention. 



[0029] Referring to Fig 1 , which is a schematic dia- 
gram of a tamper-resistant encrypting keypad module 
30 10 in the form of an EPP module for an ATM. The EPP 
module 10 includes a keypad 12, an encryption unit 14, 
and a secure device reader 1 6 in the form of a Smart 
card reader. 

[0030] The keypad 12 comprises sixteen individual 

35 keys 18, each key having a surface that is either blank 
or provided with a legend. Those keys having a legend 
have either a numeral (such as "1", "2", or such like) or 
a word (such as "Enter, "Cancel", or such like) etched 
or printed on the surface of the key 1 8. 

40 [0031] Data from the keypad 12 is transmitted to the 
encryption unit 14 via a tamper-detecting bus 20. Bus 
20 includes the scan out lines that indicate which key is 
depressed. Bus 20 is enveloped by a membrane shield 
(not shown) that detects any attempt to access the data 

45 lines in the bus 20 covered by the shield. 

[0032] The encryption unit 14 has a cryptographic 
processor 22 in the form of a general cryptographic de- 
vice. Suitable cryptographic devices are available from: 
Dallas Semiconductor Corporation or Philips Semicon- 

so ductors. The processor 22 has associated volatile mem- 
ory 24 in the form of RAM (which may have a battery 
back-up), and non-volatile memory 26 in the form of 
EEPROM. 

[0033] The RAM 24 stores a master key which was 
55 loaded during manufacture. The EEPROM 26 stores an 
encryption algorithm (in this embodiment DES) which 
was also loaded during manufacture. 
[0034] The processor 22, RAM 24, and EEPROM 26 
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communicate via an internal bus 28. 
[0035] Unit 14 includes a tamper-detecting mem- 
brane (not shown) for detecting any attempt to open or 
otherwise access the unit 14. 

[0036] The Smart card reader 1 6 is located within the 5 
keypad module 10, and module 10 defines a slot 30 
through which a Smart card may be inserted to couple 
with the Smart card reader 1 6. A small lamp 31 is located 
in the vicinity of the slot 30. 

[0037] The reader 1 6 communicates with the encryp- io 
tion unit 14 via a tamper-detecting bus 32. Bus 32 also 
has a membrane shield (not shown) that detects any at- 
tempt to access the data lines in the bus covered by the 
shield. 

[0038] The unit 1 4 also includes an erase line 34 cou- 13 
pled to the RAM 24. If any of the tamper-detecting mem- 
branes detects a breach, then the processor 22 acti- 
vates erase line 34 to delete the master key stored 
therein. 

[0039] Unit 1 4 is also coupled to function display keys 20 
(FDKs) via bus 36. FDKs typically comprise two col- 
umns of keys, each column being located on an oppo- 
site side of a display, so that the FDKs align with options 
presented on the display, and a user can select an op- 
tion by depressing a corresponding FDK. 25 
[0040] The keypad 12, encryption unit 14, and card 
reader 16 each receives power via bus 38; and the en- 
cryption unit 14 outputs encrypted data to an ATM con- 
troller (not shown) via bus 40. 

[0041] When the keypad module 10 is connected to 30 
an ATM, power is connected to bus 38; an FDK input, if 
used, is connected to bus 36; and a communications 
bus is connected to bus 40. 

[0042] Prior to using the keypad module 10, an ATM 
owner loads a key exchange key into the keypad module 35 
under secure conditions. This key exchange key is used 
to encrypt any subsequent keys or algorithms that are 
to be loaded into the keypad module 1 0. 
[0043] Reference is now made to Fig 2, which is a 
block diagram of a security device 50 in the form of a <o 
Smart card. 

[0044] Smart card 50 has processing means 52 in the 
form of an 8-bit processor and associated storage 
means 54 in the form of SkBytes of non-volatile EEP- 
ROM. The Smart card 50 also has ROM 56 and RAM 
58, and a connector 60 for physically interfacing with a 
card reader, such as reader 16 (Fig 1). 
[0045] Smart card 50 also has a file allocation table 
62 which is uses to map a file number to the associated 
physical memory address. 50 
[0046] In this embodiment, the Smart card 50 has two 
software layers. The first layer is a general purpose op- 
erating system (GPOS) which implements the ISO 781 6 
standard and is stored partly in ROM 56 and partly in 
memory 54. The operating system also provides mes- 55 
sage management, file management, security manage- 
ment, and utility tools for the Smart card 50. 
[0047] The second layer is configurable by the user 



and may comprise one or more applications stor d in 
the EEPROM 54. These applications include a PIN key 
update file 64 for updating a PIN key, an algorithm up- 
date file 66 for updating an algorithm used in the EPP 
module 1 0, and a challenge f ile 68 for issuing challenges 
to, and for responding to challenges from, the encryption 
unit 14. 

[0048] Reference is now made to the flowchart shown 
in Fig 3 to describe the steps involved in updating an 
encryption algorithm and a PIN key in the module 10 
(Fig 1). 

[0049] Initially, at a workstation in a secure area, an 
ATM owner (or a person trusted by an ATM owner) cre- 
ates a PIN key file 64 (step 100) and an algorithm file 
66 (step 102). Each file 64,66 includes a digital certifi- 
cate signed by the ATM owner. 

[0050] PIN key file 64 includes a new PIN key encrypt- 
ed using the key exchange key previously loaded into 
the encryption unit 14. Algorithm file 66 includes a new 
algorithm (triple DES), which is also encrypted using th 
key exchange key previously loaded into the encryption 
unit 14. 

[0051] The ATM owner then inserts Smart card 50 into 
a reader associated with the workstation, and loads the 
PIN key file 64 (step 1 04) and the algorithm file 66 (step 
106) into the Smart card 50. Card 50 stores these files 
64, 66 at predefined locations within the EEPROM 54. 
[0052] The ATM owner (or a person trusted by the 
ATM owner) then transports (step 1 08) the card 50 to 
the EPP module 10 to be upgraded. This EPP module 
10 may be in an ATM located in a convenience store. 
[0053] Once at the module 10, the owner inserts (step 
1 1 0) the card 50 into reader 1 6 to initiate the transfer of 
the files 64,66. 

[0054] On detecting a card inserted into the reader 16, 
the EPP cryptographic processor 22 initiates a certifica- 
tion process (step 1 1 2) that involves issuing a challenge 
to the card 50. The certification process uses a public 
key infrastructure maintained between the EPP 1 0 and 
the card 50. The EPP 10 stores a public key and a pri- 
vate key in the RAM 24, and the card 50 also stores a 
(different) public key and a (different) private key. 
[0055] The processor 52 within the card 50 responds 
to this challenge using challenge file 68, and issues its 
own challenge (also step 112) to the encryption unit 14. 
The digital certificates in the files 64,66 are also exam- 
ined by the cryptographic processor 22. Once the cer- 
tificates have been validated and the issued challeng s 
have been satisfactorily met (step 114), the card 50 
transmits the PIN key file 64 and the algorithm file 66 
(step 11 6) to the encryption unit 14. 
[0056] The encryption unit 1 4 receives these encrypt- 
ed files 64,66 5 decrypts the files using the key exchange 
key, and updat s the PIN k y and th algorithm stored 
in the RAM 24 in encryption unit 14. 
[0057] The module 10 then indicates that the files 
have been transferred by illuminating the small lamp 31 . 
[0058] On seeing the lamp 31 illuminated, the ATM 
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owner remov s (step 118) the card 50. The module 10 
now uses the upgraded PIN key and algorithm for all 
subsequent transactions. 

[0059] If the challenges issued in step 1 1 2 are not sat- 
isfactorily met by the card 50 or if the certificates are not 
validated by the cryptographic processor 22, then the 
cryptographic processor 22 deletes (step 120) the mas- 
ter key and any other secret keys stored in RAM 24 us- 
ing line 34. 

[0060] Fig 4 illustrates a system 80 comprising the 
Smart card 50 inserted into the module 10. 
[0061] Reference is now made to Fig 5, which shows 
a system according to another embodiment of the in- 
vention. Smart card 250 includes an activation file 270. 
Activation file 270 is used to activate an EPP module 
21 0, so that the EPP module 21 0 will not operate unless 
the activation file is present. In this embodiment, the ac- 
tivation file 270 is not transmitted to the module 270, but 
is used in a similar way to a dongle, so that the module 
21 0 is only activated when the activation file 270 can be 
accessed by the EPP module 210. 
[0062] Various modifications may be made to the 
above described embodiment within the scope of the in- 
vention, for example, in other embodiments, the card 50 
may include an initial activation file, so that an encryp- 
tion unit is only activated when the card is inserted, but 
remains activated when the card is removed. In other 
embodiments, the secure device may be a Smart but- 
ton, ring, or other such device. In other embodiments, 
the cryptographic processor 22 only deletes the master 
key if more than a predetermined number of failed chal- 
lenges have been received. 
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8 

wherein the module includes a delet mechanism 
operable to erase any key stored in the module in 
the event of receipt of an incorrect response to an 
issued challenge. 

5 

5. An encrypting keypad module according to any pre- 
ceding claim, wherein the keypad module only op- 
erates when a secure device is present in the reader 
(16). 

10 

6. An encrypting keypad system (80) comprising ah 
encrypting keypad module (10), characterised in 
that the encrypting keypad module (10) includes a 
reader (16), and the system (80) further comprises 

is a removable secure device (50) coupled to the 
reader (16), where the keypad module (1 0) is oper- 
able to communicate with the device (50) and to re- 
ceive secure data therefrom. 

20 7. A system according to claim 6, wherein the keypad 
module only operates when a secure device (50) is 
present in the reader (16). 



8. A method of changing secure information stored in 
25 an encrypting keypad module (10), the method 
comprising the steps of: storing secure information 
on a secure device in a secure location; transporting 
the secure device to an encrypting keypad module; 
coupling the secure device to the encrypting keypad 
30 module to allow the secure device to transmit se- 
cure information to the keypad; and removing the 
secure device from the module. 
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1. An encrypting keypad module (10) comprising a 
keypad (12) and an encryption unit (14) character- 
ised in that the keypad module (10) includes a 
reader (1 6) for receiving a removable secure device *o 
(50), where the keypad module (10) is operable to 
communicate with the device (50) and to receive se- 
cure data therefrom. 

2. An encrypting keypad module according to claim 1 , *5 
wherein the module includes a disable switch that 

is set during manufacture so that the keypad mod- 
ule (10) is inoperative until a code is received via 
the reader (16) to instruct the keypad module (10) 
to activate. 50 

3. An encrypting keypad module according to claim 1 
or 2, wherein the module is operable to issue a chal- 
lenge to any device (50) coupled to the reader (16), 

so that if a device fails the challenge then no further 55 
communication takes place with that d vice. 

4. An encrypting keypad module according to claim 3, 
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